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Description 
Field of the Invention 



plant. 

10 Background of the Invention 

distinct gene products and. for the most part. ^^T^^^^ of approximately 60 kDa. which 
a widely-distributed and highly conserved class °' 9 ra ™ le ^ u " d ^^^ Plari , cell 7. 971-985). 

are collectively referred to as granule-bound starch synthase I (GBSS I. Martin * f^J^fT^ 1985 plant 

with starch branching enzyme « ey ^^^^^S^ und erstand the functus of these starch 
isoforms make different contributions to its structure. The tirst step m uy g svnlhase other than GBSS I. 

synthases is to characterise all of the isoforms .n one organ. A tew . *to™ ^ S ^ S ^% 2 59SM504; Denyer 
have been identified a, a de.ai.ed McMmW ^^S1^^^^^^» Piant Phystt. 
& Smith 1992 Pianta 186, 609-617. Dry el a « ef^^ 1994 Plant J ^ 151-159) and wheat (Denyer 

available for any other storage organ. n *t enB ivelv studied in potato tuber (Hajirezaei ef a/.. 

Carbohydrate metaboiism and 
1993 Pianta mi6-30;Ge,genbe^^ 

in oseM »«ys, ■> U» naWre ot its slaich iyi*«e». ^ , „,„,,,,,„; GBSS 1 and GBSS 

^^-^^T^^SJrr^*^^,^ 2M , l GBSSIIN»«.«P I »"l"«**"» 
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in the name of Institut FOr Genbiologische Forschung Berlin GMBH. The PCT application includes the European Patent 
Office in the list of designated territories. 

WO 96/1 5248 discloses the nucleotide sequence of a full length cDNA clone ("SS£A') said to encode an isoform 
ol soluble starch synthase enzyme from potato, together with the predicted amino acid sequence of the enzyme. The 

s application further discloses the use of a 1 ,2kb portion of the cDNA clone, operably linked in the antisense orientation 
to the CaMV 35S promoter, to transform potato plants. In addition WO 96/15248 discloses the sequence of a cDNA 
clone fSSSB") said to encode a second isoform of the potato soluble starch synthase. Similarly, a portion (1.8kb) of 
this sequence was introduced into potato plants in the antisense orientation. 

In fact, the present inventors have found that the nucleotide sequence disclosed in WO 96/15248 contains an 

io error, causing a frame shift, such that most of the predicted amino acid sequence is incorrect. 

It was found that the transformed plants disclosed in WO 96/15248 had reduced enzyme activity Starch obtained 
from the tubers of the transformed plants was found to have altered properties compared to starch obtained from control 
wild type plants. It was stated that the starch from the transformed plants exhibited a lower viscosity onset temperature 
than starch from control plants. (By way of explanation, when aqueous suspensions of starch granules are heated, the 

is granules swell and absorb water, in a process known as gelatinisation. A number of techniques are available for the 
analysis of gelatinisation, a particularly convenient method being differential scanning catorimetry or the viscoamylo- 
graph, in which the viscosity of a stirred starch suspension is monitored under a defined temperature/time regime. 
Such analysis typically shows a particular temperature, the •viscosity onset temperature', at which the process of 
gelatinisation begins and which causes a marked increase in viscosity of the starch suspension). 

20 in a few instances, the transformed plants disclosed in WO 96/1 5248 gave rise to starch in which the • Verkleister- 

ungstemperatur" (equivalent to the viscosity onset temperature, V) was 2 to 3*C lower compared to starch from equiv- 
alent, but untransformed, plants. However, it is apparent that the results of subsequent experiments (described in 
example 1 3 in the document) gave a value of V for starch from control plants which was lower than that found for starch 
from transformed plants in previous experiments. Accordingly, the person skilled in the art is not able to deduce that 

25 starch from the transformed plants described in WO 96/15248 displayed a viscosity onset temperature which was 
consistently significantly lower than that of control plants. 

Summary of the Invention 

30 In a first aspect the invention provides a polypeptide obtainable from a soluble extract of potato tubers and having 

starch synthase activity, in substantially isolated form. 

Typically the polypeptide will have an apparent molecular weight, as judged by SDS-PAGE, in the range 100-140 
kDa, or will be a functional equivalent of such a polypeptide. More partfcularly, the polypeptide may have an apparent 
molecular weight of 140, 120 or 110 kDa. Particular functional equivalents envisaged are breakdown products of the 

35 polypeptide, which seem to occur naturally. Another particular functional equivalent is the polypeptide obtainable from 
developing tubers of the Desiree cultivar, which polypeptide has an apparent molecular weight, as judged by SDS- 
PAGE, of 100 kDa. Typically the polypeptide will comprise the amino acid sequence shown in Figure 6. 

In another aspect the invention provides a nucleic acid sequence directing the expression of at least a portion of 
one of the polypeptides defined above. Preferably the sequence comprises at least 200-300bp, more preferably at 

40 least 300-600bp, and most preferably in excess of 600bp. Typically the nucleic acid sequence will comprise the nucle- 
otide sequence shown in Figure 6, although those skilled in the art will appreciate that, due to the degeneracy of the 
genetic code, a nucleotide sequence substantially different to that shown in Figure 6 may encode a polypeptide having 
substantially the same amino acid sequence as that shown in Figure 6. Such nucleic acid sequences are to be con- 
sidered as functional equivalents and thus fall within the scope of the present invention. Other functional equivalents 

45 are those nucleic acid sequences which are not substantially different and which may hybridise, under standard lab- 
oratory hybridisation conditions, to either strand of the nucleotide sequence shown in Figure 6. 

Comparison with known starch synthase sequences, with the benefit of the disclosure herein, will enable those 
skilled in the art to identify regions of the sequence shown in Figure 6 which are not evolutionary conserved, and so 
mote amenable to alteration (e.g. addition, deletion or substitutions), whilst retaining functional equivalence. 

50 Desirably such functional equivalents will possess at least 80% sequence identity, preferably at least 85% se- 

quence identity, and more preferably at least 90% sequence identity with the nucleotide sequence shown in Figure 6. 
Desirably the nucleotide sequence of the invention, or a functional equivalent sequence will, when introduced into a 
suitable plant in a suitable manner (known to those skilled in the art), alter the synthesis of starch in the plant. 

For the purposes of the present specification, the sequences encoding polypeptides with starch synthase activity 

55 or portions of such sequences, disclosed in WO 96/1 5248 are not considered as functional equivalents of the sequence 
shown in Figure 6. 

In a particular embodiment, the invention provides a nucleic acid sequence comprising at least 200 bp and exhib- 
iting at least 80% sequence identity with the corresponding region of the DNA sequence shown in Figure 6. operably 
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linked in the sense or antisense orientation to a promoter operable in a plant. „ 0 „ rt .h=,t 
Those skilled in the art will readily be able to conduct a sequence alignment between the other sequence andthat 
detailed in Figure 6. The % identity of the two sequences is to be compared in those regions which are aligned by 
^available^^ 

the % identity between the two sequences will be at least 85%, preferably at least 90%, and the corresponding region 

Thu^ in another aspect the invention provides a nucleic acid construct (typically DNA) compns,ng the nucle.c acid 
sequence of the invention in operabte linkage to a promoter active in a plant. The nucleic «^^^| 
operably linked to the promoter in either the sense or the anti-sense orientation. Anti-sense methods are well known 
ZSSiL or rrJcharacteristics of a plan, into which the antisense sequence l""*^" 
A-0 458 367. EP-B-0 240 208 and US 5, 107. 065). Similarly, "sense suppress^" . a method which » becommg 
Increasingly widely adopted and documented (for a review, see f^tzke&^tzkel 995 Ptant Phys.0^ f 07. 679^ 
Either approachcouldbe used with the nucleicacid sequence of the invention, soastoalter one ormprecharactenst.cs 
of a planiinto which the sequence was introduced. Those skilled in the art wil be aware that arfreense «h.b.t.on or 
sense suppression may be achieved by the use of 5' or ffnon-translated portions of the relevant gene, or use of codmg 
portions of the gene, or any combination thereof. . . 

It is believed that antisense methods are mainly operable by the product™ of antisense j^«h hybnd »es 
to the sense mRNA, preventing its translation into functional polypeptide, possibly by causing to h £'* ™ A '° to 
degraded (a g Sheehy eta/.. 1988 PNAS 85. 8805-8809; Van der Krol et at. Mol. Gen. Genet. 220, 204-212). Sense 
zo suppression also requires homology between the introduced sequence and the target gene, but the exact mechan^m 
is unclear. It is apparent however that, in relation to both antisense and sense suppression, neither afuH '^nucle- 
otide sequence, nor a "native- sequence is essential. Preferably the nucleic acid sequence used in the method w.H 
comprise at least 200-300bp. more preferably at least 300-600bp, of the full length sequence, but by «mp e i tnal and 
error other fragments (smaller or larger) may be found which are functional in altering the charactenst.es of the plant. 
25 it is also known that untranslated portions of sequence can suffice to inhibit expression of the homologous gene - 
coding portions may be present within the introduced sequence, but they do not appear to be essential under all 

° m Tto fcvertion further provides a host cell into which has been introduced a nucleic acid sequence in accordance 
with the invention defined above. Typically the host cell will be aplant cell, and conveniently the sequence is mtroduced 
30 in a nucleic acid construct and subsequently integrated into the host cell genome. • 

In a further aspect the mvention provides a plant or part thereof (e.g. plant cell), into which ha* » been introduced 
a sequence in accordance with the invention, or the progeny of such a plant or part thereof. Desirabty the plant or part 
thereof into which the sequence is introduced, will comprise a natural gene which shares s ^ uon ^ h ^°^ y * 
introduced sequence, ^preferred embodiments the introduced sequence will exhtort at least 70% homology wrth , a 
3S starch synthase gene natural* present in me plant or part thereof. aNhough the .eve. of ^S^J^S^ 
with advantage, such that the expression of the gene product of the naturally present gene in the plant is substantially 
inhibited. Conveniently the sequence of the invention will be introduced as part of a ^nucleic * c *™ st ™ 1 *^ n ** 
above. Typically the plant will be one of commercial significance, such as one of the following: potato, tomato, nee. 
wheat, pea, cassava, sweet potato, barley, oat and maize. 
40 Those skilled in the art will appreciate that introduction of the nucleic acid sequence of the "verrtion , into; plant 
might alter the starch composition thereof. In another aspect therefore the invention provides attered starch extracted 
Irom a plant into which has been introduced .he nucleic acid sequence of the invention, or altered starch extracted 
from the progeny of such a plant The invention also provides a method of altering one or more characteristics of a 
ptent, comprising introducing into the plant a nucleic acid sequence in accordance with the invention. 

I^ularthe invention providesahered starch extratted from a transformed^^ 
which starch, as extracted, has a viscosity onset temperature as determined by differential scanning l °*nrn£vM 
is reduced by at least 5'C compared to starch extracted from equivalent, non-transformed plants. Prefers 
cosity onseuemperature is reduced by at least 7-C. In another embodiment me invent™ provides altered star* 
extracted from a transformed potato plant or me progeny thereof . which starch as extracted, has ; a v.scojaty onset 
temperature as determined by differential scanning calorimetry. of less than 60»C. preferably less than 55 C 

The starch defined above will typically also exhibit (as extracted) a reduced endotherm peak temperatu re. as 
determinedby differential scanningcalorimetry. compared to starch ^^^^f^^^^ 
Desirably the endotherm peak temperature will be reduced by at least 5«C and/or w.11 be less than 59»C. The .nven tors 
have found that such properties as those defined above may be embodied in potato starch having a substantially 

ss normal amylose content (i.e. around 25 - 30% amylose). ....... o« Br it has 

Starch can be modified in various ways (e.g. chemical cross-l.nk.ng. derrvat.sat.on. partial hy*orys.s) a«er .t has 
been extracted from a plant source, which modifications can affect me physical properties, espeaally the pasting prap- 
erttes of the starch. Hence, use of the term "as extracted" is intended to signify that me starch .s analysed without 



45 



SO 



4 



EP0 779 363 A2 



undergoing such modifications as can alter the pasting properties thereof. 

•Equivalent, non-transformed" plants are those plants which have substantially identical genotypes to the plants 
of the invention, with the exception of the introduced nucjeic acid sequence present in the transformed plants of the 
invention. 

5 The invention will now be further described by way of illustrative example and with reference to the accompanying 

drawings, in which; 

Figure 1 shows the elution profile of starch synthase from developing Desiree potato tubers on a first Mono Q™ 
an ion-exchange column. Partially purified starch synthase, after DEAE-Sepharose and Blue Sepharose chroma- 
10 tography, was appliedlo a 1 ml Mono Q™ column at pH 7.5. The enzyme was eluted with a 25ml gradient of 0-450 

mM KCI at 0.5 mLmirr 1 . Samples (20 ul) of each 1 ml fraction were assayed for starch synthase activity ( ), 
and absqrbance at 280 nm ( - ); 

Figure 2 shows the activity and protein in fractions of purified starch synthase from a second Mono Q™ column 
is of peak I and peak II. Top panels show SDS-PAGE of fractions containing starch synthase activity. Each track 

contains 10 ut of fraction. Bottom panels show starch synthase activity in 20 uJ samples from each 0.5 ml traction; 

Figure 3 shows the cross-reaction of antiserum to SSS to the purified starch synthases from mature Estima tubers 
and to extracts, soluble and granule-bound, from mature Estima and developing Desiree tubers. Samples (10 u.1 

20 of purified soluble starch synthase, 20 uJ of partially purified soluble starch synthase, 20 u.1 soluble extract and 20 

uJ of supernatant from granule-bound proteins) were subjected to SDS-PAGE and blotted, and then the blots were 
probed with antiserum to SSS, 1/2500 dilution. (1) purified preparation of starch synthase proteins from mature 
Estima. (2) Partially purified soluble starch synthase from mature Estima tubers. (3) Starch-granule-bound proteins 
from mature Estima tubers. (4) Soluble extract from developing Desiree tubers. (5) Starch-granule-bound proteins 

25 from developing Desiree tubers. Sizes of proteins were estimated from molecular weight standards on the same 

gels, and are indicated in kDa; 

Figure 4 shows the immunoprecipitation of starch synthase activity in soluble extract from developing Desiree 
tubers with antiserum to SSS. Soluble extract was incubated with increasing volumes of pre-immune serum (O) 
30 and antiserum (•), as described in Materials and Methods (below). After centrifugation the supernatant was as- 

sayed for starch synthase activity. Starch synthase activity is expressed as a percentage of activity of incubations 
containing 20 g.L* 1 BSA in PBS, Values are from two separate experiments with the line joining the means; 

Figure 5 shows native polyacrylamide gel electrophoresis of soluble extract from developing Desiree tubers stained 
35 for starch synthase activity. Soluble extract was incubated (as described in Materials and Methods) in the presence 

of (1) 20 g.L* 1 BSA in PBS; (2) pre-immune serum, 1/1000 dilution; (3) antiserum to SSS, 1/1000 dilution; and (4) 
antiserum to the GBSS II from pea embryo. After centrifugation, the supernatant was mixed 5:1 with 2 g.L' 1 
bromophenol blue in 500 ml.L' 1 glycerol and 40 uJ was loaded onto the gel. The bands of starch synthase activity 
are indicated by arrows; 
40 ... 

Figure 6 shows the DN A sequence of a cDNA clone for potato soluble starch synthase. The amino acid sequence 
of the encoded polypeptide is shown below in the single letter code. The ADP-glucose binding domain is boxed 
and the sequences identified by protein sequencing are underlined; and 

45 Figure 7 shows a schematic representation of A) plasmid pRAT4 and B) plasmid pPATRAT. 

EXAMPLES 

Example 1 
so t 

In this example are presented data on the identification and purification to homogeneity of the major isoform of 
soluble starch synthase from potato tuber. 

MATERIALS AND METHODS 

55 

Plant material. 

Potato tubers (Solanum tuberosum L) of cultivars Desiree (developing) or Estima (mature) were used. Desiree 
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•.^ ~.et to* rm diameter* in a areenhouse with minimum temperature of 1 2°C 

Estima tubers were bought locally, 
s purification of soluble starch synthase. 

<A>Srna»sca.e.Theex«^ 
potaioUrswerec^ 

JpVPP) and 500 ml o. ice-coW medium A cortmng ^^^C' (pH 10 ^ y a 
acid (EDTA). 5 mM dithiothreito. (DTT) 1 ^J^SS^^ «*.£ f^te wL centnfuged at 
and 50 ml.L-1 grycerol. The homogenate was passed throuj* ^ °^ " ^ The precipitate was 

long^dietrviamin^.hy^ 

ml-L* 1 glycerol. « SQCO nd 1 ml Mono Q™ column equilibrated 

(B) Large scale. 

l °^"' L !^ ^-JIZIS' 9J-" " "»«™ A w» slowly added lo Ihe 

dialysed overnight against 5 L of medium seoharose column (5 cm i.d., 1 5 cm long) 
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The dialysed eluate was applied to a first tml Mono Q™ column, equilibrated with medium B, as described above, 
except that all the fractions containing starch synthase activity were pooled together 

The Mono Q™ eluate was applied to a CHA-Sepharose column as described above, except that the column was 
1 .0 cm i.d, 20 cm long. The column was washed with 50 ml medium B containing 0.5 M sodium citrate and eluted with 
5 80 ml medium B without citrate. The fractions with starch synthase activity were pooled and dialysed overnight against 
5 L of medium C. 

The dialysed extract was applied to a second 1 ml Mono Q™ column equilibrated with medium C, as described 
above. Fractions containing starch synthase activity were stored at -20° C, 

10 Preparation of antibody. 

The fractions containing starch synthase activity from 5 large-scale purifications were run on preparative sodium 
dodecyl sulphate (SDS)-polyacrylamide gels (as described below). The gel slices containing starch synthase proteins 
were electroeluted and the proteins dialysed against water, then freeze-dried. Protein (50 u,g) was re-dissolved in 250 
is \i\ of phosphate-buffered saline (PBS), mixed with 250 uJ Freuntfs complete adjuvant, and injected intramuscularly 
into a rat. Subsequent injections were of 75 u,g protein dissolved in 250 uJ PBS mixed with 250 ul Freund's incomplete 
adjuvant and were repeated at 14-day intervals. Serum was collected from 14 days after the third injection. 

Assay of soluble starch synthase activity. 

20 , 

Soluble starch synthase activity was measured using the resin method as described in Jenner et at. (1994). 

Preparation of crude soluble potato tuber extract. 

25 Samples (0.5-2.0 g fresh weight) from either developing Desiree or mature Estima potato tuber were homogenised 

in 4 volumes of 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1 mM DTT, 1 g.L 1 sodium metabisulphite, 0.5 rngX" 1 leupeptin, 
0.7 mg.L- 1 pepstatin A and 50 mlL' 1 glycerol, then centrifuged at 10,000g for 10 min. The supernatant is referred to 
as "soluble extract*. 

30 Partial purification of soluble starch synthase activity. 

Crude soluble potato extract from mature Estima tubers (5-10 g fresh weight) was dialysed twice, each time against 
1 L of buffer B for 1 hr. The dialysed extract was applied to a Iml Mono Q™ column, equilibrated with medium B, as 
described above and the peak fraction of starch synthase activity (referred to as 'partially purified soluble starch syn- 
35 thase") was stored at -20°C. 

SDS-polyacrylamlde gel electrophoresis (PAGE) and Immunoblottfng. 

Protein samples were dialysed against distilled water then mixed 1:1 with double-strength sample buffer (Laemmli, 
40 U.K. (1970). Nature 227, 680-685) and boiled for 2 min immediately prior to application to gels. For granule-bound 
proteins, starch granules were washed twice in 20 g.L 1 SDS at room temperature, boiled for 3 min at 100 rng ml" 1 in 
sample buffer (Laemmli, U.K. (1 970). Nature 227, 680-685) and then centrifuged at 1 0,000g for 1 0 min. The supernatant 
was applied to the gel. 

Gels (10.2 cm tang, 7:3 cm wide, 0.75 mm thick) were 75 g.L 1 acrylamide (37.5:1 w/w acrylamkJe:bis-acrylamide) 
45 arid 1 g.L _1 SDS and were run according to Laemmli (1970). Immunoblots were prepared and developed according to 
Bhattacharyya et a/., (1990) Cell 60, 115-122. The nitrocellulose filters were either incubated with crude rat serum 
followed by alkaline phosphatase-congugated goat anti-rat antiserum (Sigma, Poole, Dorset, UK) or the immunoglob- 
ulin fraction of rabbit serum to GBSS II from pea embryo (Smith (1990) Planta 182; 599-604), followed by alkaline 
phosphatase-conjugated goat anti-rabbit antiserum (Sigma). 
so i 
Native polyacrylamlde gel electrophoresis. 

Gels (dimension as above, except Imm thick) of 90 g.L 1 acrylamide (37.5:1 w/w acrylamide:bis-acrylamide) were 
cast in 400 mM Tris-HCI (pH 8.6), 100 mlL 1 glycerol, 8 g.L 1 glycogen and polymerised with 0.4 g.L' 1 ammonium 
ss persulphate and 0.2 mLL" 1 N.N.N'.N'-tetramethylethylenediamine (TEMED) and were overlaid with a stacking gel of 
53 g.L 1 acrylamide (37.5:1 w/w acrylamide:bis-acrylamide) cast in 155 mMTris-HCI (pH 6.8), 98 ml.L" 1 glycerol, pol- 
ymerised with 0.5 g L" 1 ammonium persulphate and 0.2 ml.L" 1 TEMED. Soluble extracts were mixed 5:1 with 2 g.L 1 
bromophenol blue in 500 ml.L' 1 glycerol immediately prior to loading. Gels were run at 4°C, at 175 mV in 190 mM 
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9 * C ?ha?^ for starch synthase activity as follows. The gel was washed twice, each time for 10 min in 

The gel was assayed tor siarcn bynu» > « , L . t qtyc0ro | a t 4°.C. The gel was incubated 

was added. After colour development, the gel was washed and stored n 70 ml.L acehc and 
Immunoprecipltatlon. 

was added and incubated tor a further 0.5 h. To both extracts. 50 uJ Protein A-Sepharose at 60 g.L' n 50 mM Tm- 

,5 were assayed for starch synthase activity. Controls contained bovme serum albumm at 20 g,L .n PBS n place of 

serum. 

Isolation of starch granules. 

20 Purified starch was prepared from potato tubers as described by Edwards or ai (1995). 

Measurement of protein* 

Protein was assayed using the BtoRad Protein Assay Dye Reagent (BioRad Munchen. Germany) with a standard 
25 curve of bovine serum albumin. 

RESULTS 



30 



35 



40 



Purification of soluble starch synthases. 

The soluble starch synthase activity from developing tubers of Desiree and mature tubers of Estima eluted from 
both dIaI siaToS Z Blue Sepharose columns as a single peak ol activity. However, subsequent chrorratogra- 
oCon EPSumn at pH i.S separated two major peaks of starch synthase activity. des,gnated peak I and 
L^g toSeMioSorderfrom the co.umn (Figure 1). These two peaks of starch synthase actmty were 
£ fiSd~£SS by cyclohexa-amylose and Mono Q~ chromatography. A typical purificafon from deve lopng 
Decree tuferT^ S h 1. The specific activity of peak I was 5.1 umo..(mg protein)-.min-i a punf.cat.on of 

of 700-fold relative to the initial supernatant (Table 1). . _ fnaeirafl crartinnswere 

Table 1 shows the purification of soluble starch syn^ase from devetopmg potato tubers of Desiree. Fractions were 
prepared as described above. The values shown in the table are from a typical punf.cation. 
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FRACTION 


TOTAL ACTIVITY 

(umol glucose 
incorporated min* 1 ) 


ACTIVITY 
RECOVERED (%) 


TOTAL PROTEIN 

(mg) 


SPECIFIC 
ACTIVITY (umol 

glucose 
incorporated min -1 . 
mg protein* 1 ) 


Initial Supernatant 


28.9 


100 


2210.6 


0.013 


0to40%(NH 4 )2SO 4 


17.1 ' 


61.0 


1018.6 


0.017 


DEAE-Sepharose 


7.51 


26.8 


45.1 


0.166 


Blue-Sepharose 


4.59 


16.4 


10.4 


0.441 










Mono Q (pH 7.5) 


0.95 


3.4 


1.70 


0.56 


Cyclohexa-amylose 


0.53 


1.9 


0.20 


2.65 
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TABLE 1 (continued; 



FRACTION 


TOTAL ACTIVITY 

(jimol glucose 
incorporated min" 1 ) 


ACTIVITY 
RECOVERED (%) 


TOTAL PROTEIN 
(mg) 


SPECIFIC 
ACTIVITY (u/nol 

glucose 
incorporated min* 1 . 
mg protein* 1 ) 


Peak I 










MonoQ(pH 8.0) 


0.15 


0.5 


0.03 


5.13 


Peak tl 










Mono Q(pH 7.5) 


2.45 


8.8 


2.90 


0.85 


Cyclohexa-amylose 


2.27 


8.1 


0.40 


5.67 


MonoQ(pH 8.0) 


0.26 


0.9 


0.03 


0.84 
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INCUBATION : 


INHIBITION OF STARCH SYNTHASE ACTIVITY (%) 


Pre-immune serum 


0.3 ±0.9 


Antiserum to potato SSS 


74±4 


Antiserum to pea GBSS II 


9±4 


Antiserum to potato SSS + pea GBSS II 


80 ±8 



Table 2 shows the immunoprecipitation ot starch synthase activity in soluble extract from developing Desiree tubers. 
Soluble extract was incubated in the presence of antiserum (1/10 dilution of rat antiserum; or 1/5 dilution of the immu- 
noglobulin fraction of rabbit serum to GBSS II from pea embryo; or 1/10 dilution of rat antiserum plus 1/5 dilution of 
the immunoglobulin fraction of rabbit serum to GBSS II), as described in Material and Methods. After centrifugation 
the supernatant was assayed for starch synthase activity. Values are percentage inhibition relative to controls in which 
BSA at 20 g.l -1 in PBS was substituted for serum. The values are the mean of four experiments ± standard error. 

Sodium dodecyl sulphate potyacrylamide gel electrophoresis (SDS-PAGE) of the fractions from the second Mono 
Q™ column for peak I showed that the distribution of a protein of 1 20 kDa matched the distribution of the starch synthase 
activity (Figure 2). Further chromatography on Mono Q™ did not eliminate contaminating proteins. SDS-PAGE of the 
fractions from the final Mono Q™ column for peak 1 1 showed that the distribution of the major protein of 1 1 0 kDa matched 
the starch synthase activity (Figure 2). 

Antibodies raised to the 59 kDa starch-granule-bound protein (the GBSS I isoform) from pea embryo did not rec- 
ognise any proteins from either peak I or peak II. Antibodies raised to the 77 kD GBSS II from pea embryo very weakly 
recognised the 120 and 110 kDa proteins from peak I and It respectively (data not shown). 



Preparation of antibody. 



so 



55 



In order to obtain sufficient protein for preparation of an antibody, peaks I and II from mature Estima tubers were 
combined and purified together in large-scale preparations (referred to as "soluble starch synthase', SSS). Both the 
120- and 110 kDa proteins were excised and eluted from gels of the purified preparations and were injected into the 
same rat. 

The antiserum to the SSS was used to probe blots of extracts from mature Estima and developing Desiree tubers 
(Figure 3). On all of the immunoblots, the pre-immune serum did not cross-react with any of the proteins. Qn immu- 
noblots of the gels of the purified preparation of soluble starch synthase from mature Estima tubers, the antiserum 
recognised strongly the two proteins to which it was raised. The antiserum also recognised a minor protein of 1 40 kDa. 
On immunoblots of gels of partially purified soluble starch synthase from mature Estima tubers, the antiserum recog- 
nised proteins of 140 kDa and 1 20 kDa. On immunoblots of gels of starch-granule-bound proteins from mature Estima 
tubers, the antiserum recognised a protein of 140 kDa. There were some faint indications that a 120 kDa protein on 
the starch was also recognised. A protein of 140 kDa was recognised by the antiserum both in the soluble extracts 
and on starch granules of developing tubers of Desiree. The 120 kDa protein was very weakly detectable in soluble 
extracts from these tubers, which also contained a lower molecular weight protein (approximately 1 00 kDa) recognised 
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by the antiserum. This protein is 
(data not shown). 
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not GBSS II s^ce the rat antiserum .<* not recognise GBSS II on starch granules 
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Immunopreclpltatlon of starch synthase activity. 

the antiserum was used in immunoprec.prtat.on «*™"*^.^ did not aflec , soluble starch synthase activity, 
Incubation of soluble extract with ^^T^^ 4). The maximum inhibition ot starch synthase 
but the antiserum to SSS preciprtated starch ^ umes 9aM tha n 2ui ot antiserum. A small 

activity was approximatery75%wh.^ 

proportion of the remaining starch synthase b*n* ^J^^ ^osGBSS I. in potato, Edwards e ( a/ 
^^".Sr^ 

bodied the starch synthase act-vity is reduced by ^"^Steol developing Desiree tubers revealed two major 
Native polyacrylamide gel ^^^^ST^ have^evlus^ shown through antfeense and 
groups ot bands which had starch synthase aclNrty (Figure We P GBSS II. Tubers in whfch GBSS II 
immur«H>reci P itatio«expe 
proteinhasbeensevereryr^uc^ 

was immunoprecipitated with '^^^^^S^. Immunoprecipitation ot scJub.e extract from 
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bands of starch synthase activity. 
DISCUSSION 
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Xhe—ve^^ 

tubers, with molester we^hts of n0 ^^^S^*<» P«*°™ '*> tt wa8 raiSed ' a " d * 
purified proteins (soluble starch synthases, SSS) r « :o S n, ^= ' J\ nraoaration (Figure 3). The 140 kDa protem b m 
ognises a higher molecular weigh, prote in ,on« ^^^SSSSSm tubers, whereas me 120 kDa 
soluble extracts and on starch granules o ^^7^^^-^, de ,ectableataH. This strongly suggests 
^^^< K ^' b ^^^J^^£^ may both be actrve breakdown products 
that the two starch synthase prote.ns ^?^£t!o3* mighl 8irnpr y be an immunologically cross-reactrve 
of the larger 1 40 kDa protein atthough ^^^^ (despfte the purification being earned 

entity. Although most of the breakdown °"*" b,ed ^ U ^3 some ot the breakdown may also occur m two. 
out at 4-C and with the inclusion of PVPP and f^^^SZ^, starc h branching enzyme from potato 
Breakdown of enzymes ,n vivo has be °"f*°™^ high motocular weight starch 

that there is no diflererKebet^ 
twodifferentcuKrvarsinthev^ 

theseofsdublesfcrchsynthas^ 1992 ^ 

synthase resulted in specific actnri.es rf /^^^^ 

previously), 14 umol.(mg protem^ rrmv Jf^^lt activity of the soluble starch synthase reported .n 
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synthase from potato precipitates 75 % of the total soluble starch synthase activity in crude extract (Figure 5). The 
remainder of the activity is partly due to GBSS II (Table 2), but the possibility of further minor isoforms cannot be ruled 
out. 

The purified soluble starch synthase is likely to represent a novel class of starch synthase. It is not related to the 
5 major soluble starch synthase in pea embryo (GBSS II), which is clearly related to the minor, soluble 92 kDa GBSS II 
in potato. The soluble starch synthase is only very weakly recognised by the antibody raised to GBSS II from pea. It 
is not related to the GBSS I proteins either: the starch synthase from potato tuber is not recognised by the antibody 
raised to GBSS I from pea embryo. These results reinforce the view that storage organs differ profoundly in the nature 
and number of active isoforms of starch synthase (Smith ef a/., 1 995 Plant Physiol. 107, 1 ; Edwards et aL, and Denyer 
1 o et al. , both cited p reviousfy). 

Example 2 

ISOLATION OF A cDNA CLONE FOR SOLUBLE STARCH SYNTHASE FROM POTATO TUBERS 

IS 

The antiserum raised to the purified starch synthase protein from Estima tubers was used for immunoscreening 
of a Xgt 11 library (provided by C Grierson, John Innes Centre, Norwich) containing cDNA inserts with EcoRI linkers, 
constructed from developing Estima tuber poly|A] RNA. 

Approximately 1 .5 x 10 6 plaque-forming units were probed with the antiserum at a dilution of 1/1000. The second 

20 antibody was an anti-rat immunoglobulin linked to horseradish peroxidase (Amersham International, Amersham, UK). 
Two positive clones were Isolated. These were both 1.1 kb in length and contained poly(A) tracts at their # ends. One 
of these was cloned into the EcoRI site of pBluescript SK + to give ptasmid pRAT2. A 5' EcoW-ECOfN fragment from 
this clone was used as a probe on the Xgt1 1 library. Filters were washed in 0. 1 x SSC (1 x SSC is 0.15 M NaCI, 0.01 5 
M sodium citrate), 0.5 g L* 1 SDS at 65^. Seven clones of 1.3..1 .53, 1 .75, 1 .88, 2.1 5, 2.21 , and 2.4 kb were isolated. 

25 The longest clone was subcloned as an EcoRI fragment into pBluescript SK+ to give plasmid pRAT20. A 600-bp 5' 
fragment from pRAT20 was used to probe a random primed Xgt11 library prepared from cDNA of developing tubers. 
Three positive clones were isolated. The longest was 2.3 kb and was subcloned as an EcoRI fragment into pBluescript 
SK+ to give pRAT24. 

The 2.3 and 2.4kb partial clones overlapped. The full-length composite cDNA was 4.127kb. The DNA sequence 
so of the full length cDNA, and the predicted polypeptide sequence, are shown in Figure 6. DNA sequences were deter- 
mined according to Sanger et al. (1977) by using Sequenase™ (United States Biochemical). Sequence data were 
analysed using the Genetics Computer Group (Madison, Wl) computer program (Devereux ef aL 1984 Nucl. Acids 
Res. 12,387-395). 

To check the identity of the cDNA, the amino acid sequence it predicted was compared with amino acid sequences 

35 of two peptides obtained by digestion with endoproteinase Lys-C of the 1 1 0-kD protein purified from tubers of cultivar 
Estima. The peptide sequences FIPIPYTSENWEGK (Seq. ID No! 1) and HIPVFGG (Seq, ID No. 2) corresponded 
precisely to predicted sequences from the clone. Attempts to obtain N-terminal amino acid sequence of the purified 
proteins for comparison with the sequence predicted from the cDNA clone were unsuccessful. 

On RNA gel blots of poly(A) + RNA from developing tubers, a partial cDNA clone recognised a single transcript of 

40 -4 kb. This size is considerably greater than those of the transcripts f or GBSSI and GBSSII and is consistent with the 
transcript encoding a protein in the range of 110 to 1 40 kD. 

The deduced amino acid sequence of the soluble starch synthase revealed a protein of 1 230 amino acids and a 
predicted size of 139 kD^Figure 6). At the N terminus was a sequence of/~60 amino acids rich in serine and basic 
residues and low in acidiclresidues, which is typical of a chloroplast transit peptide. Based on the consensus of Gavel 

45 and von Heinje (1 990 FEBS Lett. 261, 455-458), the most likely cleavage site would be between amino acids 60 (Cys) 
and 61 (Ala), because the serine-rich region ends before this point Cleavage in this region would give a mature protein 
of -132 kD. The structure is somewhat similar to that of GBSSII in that it contains a C-terminal region homologous 
with starch synthases and bacterial glycogen synthases and an N-terminal extension. The N-terminal extension shows 
little sequence similarity to the N-terminal extensions of GBSSII from pea or potato (in turn, they show little similarity 

so to each other; Edwards et aL, (1 995) Plant J. 8, 283-294) or to any othe* sequence in the data bases. The N-terminal 
domain resembles those of pea and potato GBSSII in that it shows considerable predicted flexibility (Chou-Fasman 
algorithm; see Dry et aL, (1 992) Plant J. 2, 1 93-202); all these extensions may therefore serve similar roles. At the C- 
terminal end of the N-terminal extension of the soluble starch synthase are two proline residues; multiple proline res- 
idues have been noted previously at the C-terminal ends of N-terminal extensions of both starch synthases and starch- 

55 branching enzymes (Dry et aL r (1992) Plant J. 2, 193-202; Burton ef aL, 1995). 

The roles of these N-terminal extensions are not known, but it seems likely that they are involved in determining 
properties such as interaction with starch polymers rather than contributing to basic catalytic properties. The C-terminal 
region from amino acid 780 to the end shows greatest similarity to glycogen synthases from bacteria, although there 

) 
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10 



15 



. .= Th» KTfifi moW close to the N terminus of this region beginning 
is also similarity toother starch ^ff 8 "™'^^ 

with position 794 is conserved (KV6GL).ThBdorna.ms^ghl^be^^ fe ^ 

e ,aM990 J. Bo.. Cher* 265. 2086-2090). lh ° ™" * 

in ,he C termini of al. bacteria, giycogen ^^^™15S«I in ADP/ADP-glucose binding. The whole region 

1143,T/VGGL^T. W hisrW 

around this second domain is widely conserved among J 

the catalytic process. ^ eroarese veralotherAjmahisshowing<^seivatiOTbetween 
Overthe rest of the soluble starch synthase jn u seque nce when aligned with GBSSI and 

different starch synthase, However. ^^^3^^ (10 amino acids), and 944 to 945 

GBSII. lor example, between am«o acids 828 to 829 ^ & ^ GBS|| compared with the soluble syn- 
(35 amino acids). These regions may confer specific properties on OM 



thase. 
Example 3 

POTATO TRANSFORMATION 



20 detailed below. 

Construction of Antlsense Binary Vector 
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, t ur«n oRAT2 encoding the 3' end ol the soluble starch synthase was subcloned 
The 1.1-kb Pst-EccW fragment from pRAT2 encooing ine Drorno ter and cauliflower mosaic v.rus 

in an antteense orientate between the and express^ vectors' In 

terminator <MMJ in pJIT60 (Guenneau 

pPATRAT comprising the patatm promoter. 



Transformation of Potato 



Binary pfasmid pRAT4 was introduced «■ ^^^^ tgg- 
(,988 Binary Vectors. In Ptent Mo.ecu.ar 

raticxi of Agrobacterium inoculum carryingtheanusense^s^in g 

regenerate of shoc<s, and root^ 

Thirteen inoep^ndentrytransformed plants and^n^ 

were transferred to a soused compost * ^IS5^ ted leve,S * SSS ,ranSCriPt ^"o" 

was confirmed by DNA gel blotting (data not ^>^ 1 ^J3 seven independent transtormants (named 1, 2. 
guisnab.efrom.hcse of ^ 

9. 1 8. 19. 25 and ^^^^£^SS^ *- - ^ ,W GBSS ' ^ 

transcript was specific for S5o, ano mere «w nqc\ 
studied (data shown in Marshall eta/.. 1996 The P, ;f»^^ 

Tubers^metransfc^tswimur^aner^leveteo ^^^ of thTOe fr0 m devetoping Desires 

indistinguishabte from those of the ^^^^^^L^^^^^^ 0 ' 
tubers in general (EdvrardseTal (199^ 

undetectable levelsot SSStranscnpt had ^^^3 ^ hat the observed reductions in soluble starch 
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Table 3. Effects of Reduced Activity of SSS on Soluble and Granule-Bound Starch 
Synthase Activity and Amylose Content of Starch. 



Plane 


Soluble Activity" 
(nmol nun g 
Fresh Weight) 


Granule-Bound 
Activity 1 
(nmol min"'g"' 
Fresh Weight) 


Amylose Content'' 
(% Total Starch) 


1 


ND* 


ND 


27.8 


2 


ND 


ND 


29.5, 29.8 


9 


18.3 + 3.9 (4) 


118 


28.6 


18 


23.6 + 6.7 (3) 


97 


29.3 


25 


29.5 + 3.6(4) 


113 


27.3 


26. 


33.3 +8.3 (3) 


80 


30.1 


Control 


98.4 + 4.9 (9) 


106 + 12 


26.4, 28.9 


Desiiee 


ND 


ND 


27.8, 29.2 



a Plant numbers refer to individual transgenic plants with reduced SSS activity. 
Tubers are from a single plant, except for the control line, in which three different 
plants (each an independent, control transformant) were used. 



b Soluble activity was measured by using duplicate samples from tubers of 12 to 70 
g fresh weight harvested at intervals during plant development. Values are the means 
± SE of measurements made with the number of tubers given within parentheses. 

c Granule-bound activities are the means of measurements made by using duplicate 
sainples from a single tuber (12 to 70 g fresh weight) harvested at maturity. 

d . Amy lose content was measured by using starch extracted from two or three tubers 
per mature plant. Values are the means of measurements made with two separate 
samples taken from the bulk starch preparations: two values are given when 
independent starch preparations were used. Wild-type Desiree plants used for these 
measurements were grown in the same greenhouse at the same time as the transgenic 
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plants. 



s 



c ND, not determined. 
Bed**™. "» S»rch **m» A***, « Sp-Hk.W °» » - 338 

6BSS.I, were present in al. extracts (data J£™ ^ J activity were incubated with *e antiserum 

Second, crude, soluble extracts froma plant ^^1^^ 75% j nnb ition in extracts ol untransformed 
raised against SSS. The antiserum inhibrtedactrvrty by 16%, compared «n»T 

tubers of cuttivar Desiree (Table 2). transgenic tubers was accompanied by dramatic re- 

Loss of starch synthase acuity from the »^^£^2ium in soluble and granule-bound tractions of 
auctions in the amount of the 140-kD P^^^^^Sm. to controls, on immunobiots ot these 
U,e tuber. The protein was not detected or detected crtyjjj wea^r ^ |n ^ 

^rprrr^ 

shown in Marshall ef a/, 1996). 

Reduction In SSS Activity Alter* Granule Shape but Has Little Effect on Starch and Amylose Content 

Tub ers o, the seven transforms «h reduced activ.es o, ^^t^oSSJS^ 
strikingly altered morphology- Two types of 9 ' an ^ *" us ^ 0 * t?ny, spherical granules. A range of different 

centered on the Mum. and granules that appea ^^^^Xmental stages (data not shown). 

in amylose content (Table 3). 

Reduction in SSS Activity Doe. No. Affect Other .soform. of Starch Synthase 

it «. thought possibfc that the reduce * "^Sn^ 
isoforms of starch synthase. Any alterafons ,n «^^^SSmid plants. Effects of the reduction in SSS 
and role of SSS and might prevent f ^ ^^^^^ ^^^"(^3^ activity in crude extracts of tubers and exarn- 
on GBSSI were assessed by ^ um l^^^^^^ ute .^ activity between control plants and 
ining gels of granule-bound proteins. There was no £ 9 ™ e ^ 95 % ol starch synthase activity 
thosVin^ich soluble starch 

shown). reassessed in three ways. First, amounts of GBSSII protein in the 

between control plants and those h which SSS Qete crude , soluble extracts stained for starch 

^.rmroprecipnat^ex^ 

GBSSII in tubers in which SSS was '^J* 6 ™**^^^ lhe activity in tubers in which soluble starch 
GBSSII of potatoes (Edwards eta/. 1995 crted above), mhiMed «fk ^oun ^ (Table 2). Ushg 

^nthase £y was reduced by -80% ^ S£^ea£* 7.3 nmo. min" V «resh 

these figures and starch synthase actrvrt.es from Table 3. the activity anno 
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5 



weight in line 9 and 8.8 nmol min _1 g* 1 fr ®sh weight in control tubers. This indicates that the reduction in SSS has little 
effect on the soluble activity of GBSStl. 

Example 4 

Detailed analysis of starch from tubers obtained from transformed Potato plants 



Despite the results of crude analysis described in Example 3, indicating that the starch from transformed plants 
was essentially unaltered, it was decided to perform more detailed analysis of the starch, by Differential Scanning 
10 Calorimetry and Viscoamylograph. Analysis was performed as described in WO 95/26407 and WO 96/34968. 

Surprisingly it was found that certain physical properties of the starch were consistently significantly altered. In 
particular, it was found that the viscosity onset temperature was significantly reduced compared to starch obtained 
from equivalent control-plants which did not contain the SSS antisense construct. The results are shown in Table 4. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: National Starch and Chemical Investment 

Holding Corporation 

(B) STREET: Suite 27. 501 Silverside Road 

(C) CITY: Wilmington 

(D) STATE: Delaware 

(E) COUNTRY: U.S.A. 

(F) POSTAL CODE (ZIP): OE 19809 

(ii) TITLE OF INVENTION: Improvements in or Relating to Soluble 

Starch Synthase 

(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-OOS 

(D) SOFTWARE: Patentln Release #1.0. Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Phe He Pro He Pro Tyr Thr Ser Glu Asn Val Val Glu Gly Lys 
1 5 10 15. 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

His He Pro Val Phe Gly Gly 
1 5 

(2) INFORMATION FOR SEQ ID NO: 3: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 4127 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: m 

(A) ORGANISM: Solanum tuberosum 

(B) STRAIN: Desiree 
(F) TISSUE TYPE: tuber 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: lambda gtll 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 143. .3835 

(ix) FEATURE: . 

(A) NAME/KEY: sig_peptide 

(B) LOCATION: 143. .322 

(ix) FEATURE: ■ 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 323.. 3832 

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 3: 
GAATTCGCGG CCGCAGATAG TGTGTTGATG AAGGAGAAGA GAGATATTTC ACATGGGATG 60 
TTCTATTTGA TTCTGTGGTG AACAAGAGTT TTACAAAGAA CATTCCTTTT TCTTTTTTCC 120 
TTGGTTCTTG TGTGGGTCAG CC ATG GAT GTT CCA TTT CCA CTG CAT AGA TCA 172 
, -60 " 55 

-50 ~ 45 
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10 



is 



20 



2S 



30 



35 



40 



45 



SO 



ss 



CCT ATT CTT GGG TTT GTC TCT CAT GGA ACC ACA AGT CTA TCA GTA CAA 268 
Pro lie Leu Gly Phe Val Ser His Gly Thr Thr Ser Leu Ser Val Gin 
-30 -25 -20 

TCT TCT TCA TGG AGG AAG GAT GGA ATG GTT ACT GGG GTT TCA TTT TCC 316 
Ser Ser Ser Trp Arg Lys Asp Gly Met Val Thr Gly Val Ser Phe Ser 
-15 -10 -5 

ATT TGT GCA AAT TTC TCG GGA AGA AGA CGG AGA AAA GTT TCA ACT CCT 364 
lie Cys Ala Asn Phe Ser Gly Arg Arg Arg Arg Lys Val Ser Thr Pro 
1 5 10 

AGG AGT CAA GGC TCT TCA CCT AAG GGG TTT GTG CCA AGG AAG CCC TCA 412 
Arg Ser Gin Gly Ser Ser Pro Lys Gly Phe Val Pro Arg Lys Pro Ser 
15 20 25 30 

GGG ATG AGC ACG CAA AGA AAG GTT CAG AAG AGC AAT GGT GAT AAA GAA 460 
Gly Met Ser Thr Gin Arg Lys Val Gin Lys Ser Asn Gly Asp Lys Glu 
- 35 40 45 

AGT AAA AGT ACT TCA ACA TCT AAA GAA TCT GAA ATT TCC AAC CAG AAG 508 
Ser Lys Ser Thr Ser Thr Ser tys Glu Ser Glu He Ser Asn Gin Lys 
50 55 60 

ACG GTT GAA GCA AGA GTT GAA ACT AGT GAC GAT GAC ACT AAA GGA GTG 556 
Thr Val Glu Ala Arg Val Glu Thr Ser Asp Asp Asp Thr Lys Gly Val 
65 70 75 

GTG AGG GAC CAC AAG TTT CTG GAG GAT GAG GAT GAA ATC AAT GGT TCT 604 
Val Arg Asp His Lys Phe Leu Glu Asp Glu Asp Glu He Asn Gly Ser 
80 85 90 

ACT AAA TCA ATA AGT ATG TCA CCT GTT CGT GTA TCA TCT CAA TTT GTT 652 
Thr Lys Ser lie Ser Met Ser Pro Val Arg Val Ser Ser Gin Phe Val 
95 ■ 100 105 110 

GAA AGT GAA GAA ACT GGT GGT GAT GAC AAG GAT GCT GTA AAG TTA AAC 700 
Glu Ser Glu Glu Thr Gly Gly Asp Asp Lys Asp Ala Val Lys Leu Asn 
115 120 125 

AAA TCA AAG AGA TCG GAA GAG AGT GGT TTT ATA ATT GAT TCT GTA ATA 748 
Lys Ser Lys Arg Ser Glu Glu Ser Gly Phe He He Asp Ser Val lie 
t 130 135 140 

AGA GAA CAA AGT GGA TCT CAG GGG GAA ACT AAT GCC AGT AGC AAG GGA 796 
Arg Glu Gin Ser Gly Ser Gin Gly Glu Thr Asn Ala Ser. Ser Lys Gly 
145 150 155 

AGC CAT GCT GTG GGT ACA AM CTT TAT GAG ATA TTG CAG GTG GAT GTT 844 
Ser His Ala Val Gly Thr Lys Leu Tyr Glu He Leu Gl/i Val Asp Val 
160 165 170 



GAG CCA CAA CM TTG AM GM MT MT GCT GGG MT GTT GM TAC AM 
Glu Pro Gin Gin Leu Lys Glu Asn Asn Ala Gly Asn Val Glu Tyr Lys 
175 180 185 190 



892 
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GGA CCT GTA GCA AGT AAG CTA TTG GAA ATT ACT AAG GCT AGT GAT GTG. 940 
Gly Pro Val Ala Ser Lys Leu Leu Glu He Thr Lys Ala Sen Asp vai 

taa CAC ACT GAA AGC AAT GAG ATT GAT GAC TTA GAC ACT AAT AGT TTC 988 
stt SS Thr Gl5 Ser ten Glu lie Asp Asp Leu Asp Thr Asn Ser Phe 

210 215 
ttt A&A tpa PAT TTA An GAA GAG GAT GAG CCA TTA GCT GCA GGA ACA 1036 
J2 ^ 2f ™ IlS 6l5 Glu Asp Glu Pro Leu Ala Ala Gly Thr 
225 230 iM 

rrr rtr ACT fifiA GAT TCT TCT CTA AAC TTA AGA TTG GAG ATG GAA GCA 1084 
Val GlS t£ GlJ Z Ser S Leu Asn Leu Arg Leu Glu Met Glu Ala 
240 245 1 250 

AAT CTA fGT AGG CAG GCT ATA GAA AGG CTT GCC GAG GAA AAT TTA TTG 1132 
*n S A?J ^ Gin Ala lie Glu Arg Leu Ala Glu Glu Asn Leu Leu 
255 260 265 u» 

f AA GGG ATC AGA TTA TTT TGT TTT CCA GAG GTT GTA AAA CCT GAT GAA 1180 
Gl£ §5 lie £g Leu Phe Cys Phe Pro Glu Val Val Lys Pro Asp Glu 

cat rrr qaq AT A TTT CTT AAC AGA GGT CTT TCC ACT TTG AAG AAT GAG 1228 
Z vS Glu lie Phe Leu Asn Arg Gly Leu Ser Thr Leu ys Asn Glu 

r 290 295 ouu 

TCT GAT GTC TTG ATT ATG GGA GCT TTT AAT GAG TGG CGC TAT AGG TCT 1276 
Ser Asp Val Leu lie Met Gly Ala Phe Asn Glu Trp Arg Tyr Arg Ser 
305 310 J1D 

txt apt AfA Afifi CTA ACT GAG ACT CAT CTC AAT GGA GAT TGG TGG TCT 
Z rn'r Thf Arg l2 Thr Glu Thr His Leu Asn Gly Asp Trp Trp Ser 

320 325 
Trr AAfi ATf CAT GTT CCC AAG GAA GCA TAC AGG GCT GAT TTT GTG TTT 
If, Its lie Hll Val Pro Lys Glu Ala Tyr Arg Ala Asp Phe Val Phe 
335 340 ^ 

370 375 



1324 



1372 



1420 



r-TT tat tap AAA TGG AGA GAA CAG GAG AAA CTT GCT AAA GAA CAA GCT 
S GlS Glu {£ T?p T 9 Z |n Glu Lys Leu Ala Lys Glu Gin Ala 

385 390 ^ D 

400 405 



1516 



1564 
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GCT GAA ATT GAA GCT 6AC AGA 6CA CAA GCA AAG GAA GAG GCT GCA AAG 1612 
Ala Glu He Glu Ala Asp Arg Ala Gin Ala Lys Glu Glu Ala Ala Lys 
415 420 425 ' 430 

AAA AAG AAA GTA TTG CGA GAA TTG ATG GTA AAA GCC ACG AAG ACT CGT 1660 
Lys Lys Lys Val Leu Arg Glu Leu Met Val Lys Ala Thr Lys Thr Arg 
435 ■ 440 445 

GAT ATC ACC TGG TAC ATA GAG CCA AGT GAA TTT AAA TGC GAG GAC AAG 1708 
Asp lie Thr Trp Tyr lie Glu Pro Ser Glu Phe Lys Cys Glu Asp Lys 
450 455 460 

GTC AGG TTA TAC TAT AAC AAA AGT TCA GGT CCT CTC.TCC CAT GCT AAG 1756 
Val Arg Leu Tyr Tyr Asn Lys Ser Ser Gly Pro Leu Ser His Ala Lys 
465 470 475 

GAC TTG TGG ATC CAC GGA GGA TAT AAT AAT TGG AAG GAT GGT TTG TCT 1804 
Asp Leu Trp He His Gly Gly Tyr Asn Asn Trp Lys Asp Gly Leu Ser 
480 485 490 

ATT GTC AAA AAG CTT GTT AAA TCT GAG AGA ATA GAT GGT GAT TGG TGG 1852 
He Val Lys Lys Leu Val Lys Ser Glu Arg lie Asp Gly Asp Trp Trp 
495 500 505 510 

TAT ACA GAG GTT GTT ATT CCT GAT CAG GCA CTT TTC TTG GAT TGG GTT 1900 
Tyr Thr Glu Val Val He Pro Asp Gin Ala Leu Phe Leu Asp Trp Val 
515 520 525 

TTT GCT GAT GGT CCA CCC AAG CAT GCC ATT GCT TAT GAT AAC AAT CAC 1948 
Phe Ala Asp Gly Pro Pro Lys His Ala He Ala Tyr Asp Asn Asn His 
530 535 540 

CGC CAA GAC TTC CAT GCC ATT GTC CCC AAC CAC ATT CCG GAG GAA TTA 1996 
Arg Gin Asp Phe His Ala He Val Pro Asn His He Pro Glu Glu Leu 
545 550 555 

TAT TGG GTT GAG GAA GAA CAT CAG ATC TTT AAG ACA CTT CAG GAG GAG 2044 
Tyr Trp Val Glu Glu Glu His Gin He Phe Lys Thr Leu Gin Glu Glu 
560 565 570 

AGA AGG CTT AGA GAA GCG GCT ATG CGT GCT AAG GTT GAA AAA ACA GCA 2092 
Arg Arg Leu Arg Glu Ala Ala Met Arg Ala Lys Val Glu Lys : Thr Ala 
575 580 585 590 

CTT CTG AAA ACT GAA ACA AAG GAA AGA ACT ATG AAA TCA TTT TTA CTG 2140 
Leu Leu Lys Thr Glu Thr Lys Glu Arg Thr Met Lys Ser Phe Leu Leu 
595 600 605 

TCT CAG AAG CAT GTA GTA TAT ACT GAA CCT CTT GAT ATC CAA GCT GGA 2188 
Ser Gin Lys His Va,l Val Tyr Thr Glu Pro Leu Asp He Gin Ala Gly 
610 .615 620 

AGC AGC GTC ACA GTT TAC TAT AAT CCC GCC AAT ACA GTA CTT AAT GGT 2236 
Ser Ser Val Thr Val Tyr Tyr Asn Pro Ala Asn Thr Val Leu Asn Gly 
625 630 635 
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2284 



2332 



2476 



2524 



2572 



... rrT rA . att 1P r -rrr ara T6T TCA TTT AAT CGC TGG ACT CAC CGC 
{£ SS iS Tr? Pte K Ss Ser Phe Asn Arg Trp Thr His Arg 
640 645 to" 

675 

ttt rTA TTT TCC GAG AGA GAA GAT GGT GGG ATT TTT.GAC AAT AAG AGC 2428 
SI SI? pS S SS Art Glu Asp Gly Gly He Phe Asp Asn Lys Ser 
690 695 

pta att pat TAT CAC ATA CCT GTG TTT GGA GGA GTC GCT AAA GAA CCT 
?S m Z ™ His lie Pro Wal Phe Gly Gly Val Ala Lys Glu Pro 

705 710 
rra ATP CAT ATT GTC CAT ATT GCT GTC GAA ATG GCA CCA ATT GCA AAG 
ES M* Hll III vll ml lie Ala Val Glu Met Ala Pro He Ala Lys 
720 725 0 

735 740 /4D 

770 775 
rrr nr ACT GAA ATA AAA GTA TGG TTT GGA AAG GTG GAA GGT CTC TCG 2716 
Wy Gl? Thl GlS He fyt Val Trp Phe Gly Lys Val « Gly Leu Ser 

785 790 
rrr tat TTT TTG GAG CCT CAA AAC GGG TTA TTT TCG AAA GGG TGC GTC 
Si Tyr PtelSeS So GlS Asn Gly Leu Phe Ser Lys Gly Cys Val 
800 805 810 

835 840 
850 855 



2764 



2812 
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TAT ACA CAC TAT GGT CTA AGC AAA TCT CGT ATA GTC TTC ACG ATA CAT 2956 
Tyr Thr His Tyr Gly Leu Ser Lys Ser Arg He Val Phe Thr He His 
865 ' 870 875 

AAT CTT GAA TTT GGG GCA GAT CTC ATT GGG AGA GCA ATG ACT AAC GCA 3004 
Asn Leu Glu Phe Gly Ala Asp Leu He Gly Arg Ala Met Thr Asn Ala 
880 885 890 

GAC AAA GCT ACA ACA GTT TCA CCA ACT TAC TCA CAG GAG GTG TCT GGA 3052 
Asp Lys Ala Thr Thr Val Ser Pro Thr Tyr Ser Gin Glu Val Ser Gly 
895 900 905 910 

AAC CCT GTA ATT GCG CCT CAC CTT CAC AAG TTC CAT GGT ATA GTG AAT 3100 
Asn Pro Val He Ala Pro His Leu His Lys Phe His Gly He Val Asn 
915 920 925 

GGG ATT GAC CCA GAT ATT TGG GAT CCT TTA AAC GAT AAG TTC ATT CCG 3148 
Gly He Asp Pro Asp He Trp Asp Pro Leu Asn Asp Lys Phe lie Pro 
930 935 940 

ATT CCG TAC ACT TCA GAA AAC GTT GTT GAG GGC AAA ACA GCA GCC AAG 3196 
He Pro Tyr Thr Ser Glu Asn Val Val Glu Gly Lys Thr Ala Ala Lys 
945 950 955 

GAA GCT TTG CAG CGA AAA CTT GGA CTG AAA CAG GCT GAC CTT CCT TTG 3244 
Glu Ala Leu Gin Arg Lys Leu Gly Leu Lys Gin Ala Asp Leu Pro Leu 
960 965 970 

GTA GGA An ATC ACC CGC TTA ACT CAC CAG AAA GGA ATC CAC CTC ATT 3292 
Val Glv He He Thr Arg Leu Thr His Gin Lys Gly He His Leu He 
975 " 980 985 990 

AAA CAT GCT ATT TGG CGC ACC TTG GAA CGG AAC GGA CAG GTA GTC TTG 3340 
Lys His Ala He Trp Arg Thr Leu Glu Arg Asn Gly Gin -Val Val Leu 
995 1000 1005 

CTT GGT TCT GCT CCT GAT CCT AGG GTA CAA AAC AAT TTT GTT AAT TTG 3388 
Leu Gly Ser Ala Pro Asp Pro Arg Val Gin Asn Asn Phe Val Asn Leu 
1010 1015 1020 

GCA AAT CAA TTG CAC TCC AAA TAT AAT GAC CGC GCA CGA CTC TGT CTA 3436 
Ala Asn Gin Leu His Ser Lys Tyr Asn Asp Arg Ala Arg Leu Cys Leu 
1025 1030 1035 

ACA TAT GAC GAG CCA CTT TCT CAC CTG ATA TAT GCT GGT GCT GAT TTT 3484 
Thr Tyr Asp Glu Pro Leu Ser His' Leu lie Tyr Ala Gly Ala Asp Phe 
1040 1045 1050 

ATT CTA GTT CCT TCA ATA TTT GAG CCA TGT GGA CTA ACA CAA CTT ACC 3532 
lie Leu Val Pro Ser He Phe Glu Pro Cys Gly Leu Thr Gin Leu Thr 
1055 1060 1065 1070 

GCT ATG AGA TAT GGT TCA ATT CCA GTC GTG CGT AAA ACT GGA GGA CTT 3580 
Ala Met Arg Tyr Gly Ser He Pro Val Val Arg Lys Thr Gly Gly Leu 
1075 1080 1085 
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tat pat APT GTA TTT GAT GTT GAC CAT GAC AAA GAG AGA GCA CAA CAG 3628 
Tyr S£ fhr SBKJ ™ Si Asp His^Asp Lys Glu Arg jjjffln Gin 

tpt fiTT TTT GM CCA MT GGA TTC AGC TTT GAT GGA GCA GAT GCT GGC 3676 
Z S S US SK !S $ ft * Phe Asp Gly Ala Asp Ala Gly 

1105 1110 
rra CTX RAT TAT GCT CTG MT AGA GCT CTC TCT GCT TGG TAC GAT GGT 3724 
Gl? Si % $ SI S Asr , Arg Ala Leu Ser Ala Trp Tyr Asp Gly 

1120 1125 
„n *T T r_r -n-r aap TPT TTA TGC AAG CAG GTC ATG GM CM GAT TGG 3772 

S £ E S S S K * si- G1 ° a 

1135 1140 

1155 iidu 
AGA AAG TTA GM TAG TTAGTTTGTG AGATGCTAGC AGAAAMTTC ACGAGATCTG 3875 

Arg Lys Leu Glu * 
1170 

CMTCTGTAC AGGTTCAGTG TTTGGGTCTG GACAGCTTTA TCATTTCCTA TATCAAAGTA 3935 
TAMTCAAGT CTACACTGAG GATCMTAGC AGACAGTCCT CAAGTTCATT TCATTTTTTG 3995 
GGGCAMCAT ATGAMGAGC TTAGCCTCTT AATMTGTCG GCCTATTGAT GATTATTTGT 4055 
TTTGGGAAGA MTGAGAMT CAMGGATGC AMATAAMA AMMAAAM AAAAAAAACT 4115 

4127 

CGTGCCGMT TC 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1231 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTIO^SEQ ID NO: 4: 
Met Asp Val Pro Phe Pro Leu His Arg Ser Leu Ser Cys Thr Ser Val 
-60 " 55 

Ser Asn Ala He Thr His Leu Lys He Lys Pro He Leu Gly Phe Val 
-40 i 

Ser His Gly Thr Thr Ser Leu Ser Val Gin Ser Ser Ser TJjg Arg Lys 



Asp Gly Met Val Thr Gly Val Ser Phe Ser He Cys Ala Asn Phe Ser 
-10 " 5 
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Gly Arg Arg Arg Arg Lys Val Ser Thr Pro Arg Ser Gin Gly Ser Ser 
5 10 15 20 

Pro Lys Gly Phe Val Pro Arg Lys Pro Ser Gly Met Ser Thr Gin Arg 
25 30 35 

Lys Val Gin Lys Ser Asn Gly Asp Lys Glu Ser Lys Ser Thr Ser Thr 
40 45 50 

Ser Lys Glu Ser Glu He Ser Asn Gin Lys Thr Val Glu Ala Arg Val 
55 60 65 

Glu Thr Ser- Asp Asp Asp Thr Lys Gly Val Val Arg Asp His Lys Phe 
70 75 80 

Leu Glu Asp Glu Asp Glu lie Asn Gly Ser Thr Lys Ser He Ser Met 
85 90 95 100 

Ser Pro Val Arg Val Ser Ser Gin Phe Val Glu Ser Glu Glu Thr Gly 
105 110 115 

Gly Asp Asp Lys Asp Ala Val Lys Leu Asn Lys Ser Lys Arg Ser Glu 
120 125 130 

Glu Ser Gly Phe He He Asp Ser Val He Arg Glu Gin Ser Gly Ser 
135 140 145 

Gin Gly Glu Thr Asn Ala Ser Ser Lys Gly Ser His Ala Val Gly Thr 
150 155 160 

Lys Leu Tyr Glu He Leu Gin Val Asp Val Glu Pro Gin Gin Leu Lys 
165 170 175 180 

Glu Asn Asn Ala Gly Asn Val Glu Tyr Lys Gly Pro Val Ala Ser Lys 
185 190 195 

Leu Leu Glu He Thr Lys Ala Ser Asp Val Glu His Thr Glu Ser Asn 
200 205 210 

Glu He Asp Asp Leu Asp Thr Asn Ser Phe Phe Lys Ser Asp Leu He 
215 220 225 

Glu Glu Asp Glu Pro Leu Ala Ala Gly Thr Val Glu Thr Gly Asp Ser 
230 235 240 

Ser Leu Asn Leu Arg Leu Glu Met Glu Ala Asn Leu Arg Arg Gin Ala 
245 250 255 260 

He Glu Arg Leu Ala Glu Glu Asn Leu Leu Gin Gly He Arg Leu Phe 
265 270 275, 

Cys Phe Pro Glu Val Val Lys Pro Asp Glu Asp Val Glu He Phe Leu 
280 285 290 

Asn Arg Gly Leu Ser Thr Leu Lys Asn Glu Ser Asp Val Leu He Met 
295 300 305 
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Gly Ala Phe Asn Glu Trp Arg Tyr Arg Ser Phe Thr Thr Arg Leu Thr 



310 



320 



Glu Thr His Leu Asn Gly Asp Trp Trp Ser Cys Lys He His Val Pro 

325 330 

Lys- Glu Ala Tyr Arg Ala Asp Phe Val Phe Phe Asn Gly Gin Asp Val 



345 



Tyr Asp Asn Asn Asp Gly Asn Asp Phe Ser lie Thr Val Lys Gly Gly 



360 



Met Gin lie He Asp Phe Glu Asn Phe Leu Leu Glu Glu Lys Trp Arg 



375 



380 



Glu Gin Glu Lys Leu Ala Lys Glu Gin Ala Glu Arg Glu Arg Leu Ala 

390 395 
Glu Glu Gin Arg Arg lie Glu Ala Glu Lys Ala Glu He Glu Ala *j> 
405 410 

Arg Ala Gin Ala Lys Glu Glu Ala Ala Lys Lys Lys Lys Val Leu Arg 



425 



Glu Leu Met Val Lys Ala Thr Lys Thr Arg Asp He Thr Trg Tyr He 

440 ^ 3 
Glu Pro Ser Glu Phe Lys Cys Glu Asp Lys Val Arg Leu Tyr Tyr Asn 

455 460 
Lys Ser Ser Gly Pro Leu Ser His Ala Lys Asp Leu 



Gly 
485 

Lys 



455 4 ^0 
Ser Ser Gly Pro Leu Ser His Ala Lys Asp Leu Trp He His Gly 
470 475 

Tyr Asn Asn Trp Lys Asp Gly Leu Ser He Val Lys Lys Leu Val 



490 495 
Ser Glu Arg He Asp Gly Asp Trp Trp Tyr Thr Glu Val Val He 



505 510 

Pro Asp Gin Ala Leu Phe Leu Asp Trp Val Phe Ala Asp Gly Pro Pro 

520 

Lys His Ala lie Ala Tyr Asp Asn Asn His Arg Gin Asg Phe His Ala 

535 540 DH0 

He Val Pro Asn His He Pro Glu Glu Leu Tyr Trp Val Glu Glu Glu 

550 555 
His Gin lie Phe Lys Thr Leu Gin Glu Glu Arg Arg Leu Arg Glu Ala 
565 i 570 5/s 

Ala Met Arg Ala Lys Val Glu Lys Thr Ma Leu Leu Lys Thr Glu Thr 



585 



Lys Glu Arg Thr Met Lys Ser Phe Leu Leu Ser Gin Lys His Val Val 
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Tyr Thr Glu Pro Leu Asp He Gin Ala Gly Ser Ser Val Thr Val Tyr 
615 620 625 

Tyr Asn Pro Ala Asn Thr Val Leu Asn Gly Lys Pro Glu He Trp Phe 
630 635 640 



Arg Cys Ser Phe Asn Arg Trp Thr His Arg Leu Gly Pro Leu Pro Pro 
645 650 655 660 

Gin Lys Met Ser Pro Ala Glu Asn Gly Thr His Val Arg Ala Thr Val 
665 670 675 

Lys Val Pro Leu Asp Ala Tyr Met Met Asp Phe Val Phe Ser Glu Arg 
680 685 690 

Glu Asp Gly Gly He Phe Asp Asn Lys Ser Gly Met Asp Tyr His lie 
695 700 705 

Pro Val Phe Gly Gly Val Ala Lys Glu Pro Pro Met His He Val His 
710 715 720 

lie Ala Val Glu Met Ala Pro He Ala Lys Val Gly Gly Leu Gly Asp 
725 730 735 740 

Val Val Thr Ser Leu Ser Arg Ala Val Gin Asp Leu Asn His Asn Val 
745 750 755 

Asp lie He Leu Pro Lys Tyr Asp Cys Leu Lys Met Asn Asn Val Lys 
760 765 770 

Asp Phe Arg Phe His Lys Asn Tyr Phe Trp Gly Gly Thr Glu He Lys 
775 780 785 

Val Trp Phe Gly Lys Val Glu Gly Leu Ser Val Tyr Phe Leu Glu Pro 
790 795 800 

Gin Asn Gly Leu Phe Ser Lys Gly Cys Val Tyr Gly Cys Ser Asn Asp 
805 . 810 815 820 

Gly Glu Arg Phe Gly Phe Phe Cys His Ala Ala Leu Glu Phe Leu Leu 
825 830 835 

Gin Gly Gly Phe Ser Pro Asp He He His Cys His Asp Trp Ser Ser 
840 845 850 

Ala Pro Val Ala Trp Leu Phe Lys Glu Gin Tyr Thr His Tyr Gly Leu 
855 860 865 

Ser Lys Ser Arg lie Val Phe Thr He His Asn Leu Glu Phe Gly Ala 
870 875 880 ; 

Asp Leu He Gly Arg Ala Met Thr Asn Ala Asp Lys Ala Thr Thr Val 
885 890 895 900 

Ser Pro Thr Tyr Ser Gin Glu Val Ser Gly Asn Pro Val He Ala Pro 
905 910 915 
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His Leu His Lys Phe His Sly He Val Asn G„ He Asp Pro Asp lie 

920 * y " 

Trp Asp Pro Leu Asn Asp Lys Ph. He Pro lie Pro Tyr Thr Ser Glu 

*» Val Z Glu Gly L»s Thr Ala Ala Lys G!u Ala Leu Gin Ar 9 Lys 

950 955 
Leu Gly Leu Lys Gin Ala Asp Leu Pro Leu Val 61, He He Thr Aro 

965 970 

Leu Thr His Gin Lys Gly He His Leu lie Lys His Ala He Trg Arg 
Thr Leu Glu Arg.Asn Gly Gin Val VaU-eu Leu Gly Ser AUPro Asp 



1000 



Pro Arg Vat.Gln Asn Asn Phe W*» Leu Ala Asn Gl^Leu His Ser 



1015 



Lys T, L Asn Asp Arg Ala ArgUu Cys Leu Thr TyrMp Glu Pro Leu 



1030 



Ser His Leu He Tyr Ala Gly Ala Asp Phe He Leu Va! Pro Ser Ita 

1045 1UbU 

Phe 81. Pro C,s Gly^Leu Thr Gin Leu TjrAl. Met Arc Tyr Gl^Ser 

„e Pro Val Val Ar, Lys Thr Gly Gly Leu Tyr Asp Thr WFta Asp 

1080 iU0:> 
va, Asp His Asp Lys Glu Ar, Ala Gin Gin Cys Gly Leutfu Pro Asn 

1095 liUU 
Gly Phe Ser Phe Asp Gl, Ala Asp Ala Gl, G„ Valtep Tyr Ala Leu 

1110 Ulb 
Asn*, A,a Leu Ser Aiyrp Tyr ASP Gly Ar^Asp Trp Phe Asn ^ 

l1! 5 C,s Lys Gin Val Het Glu Gin Asp Trp Ser Trp Asn Arg ProAl. 



1145 



Leu Asp Tyr Leutfu Leu Tyr His Alalia Arg Lys Leu G1u q 



1160 



Claims 
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compared to starch extracted from equivalent, non-transformed plants. 

2. Altered starch according to claim 1 , wherein the viscosity onset temperature is reduced by at least 7°C compared 
to starch extracted from equivalent, non-transformed plants. 

5 

3. Altered starch extracted from a transformed potato plant or the progeny thereof, which starch, as extracted, has 
a viscosity onset temperature as determined by differential scanning calorimetry of less than 60°C. 

4. Altered starch according to claim 3 which, as extracted, has a viscosity onset temperature of less than 55?C. 

w 

5. Altered starch according to any one of claims 1*4 - which; as extracted, has a reduced endotherm peak temperature 
(as extracted) as determined by differential scanning calorimetry compared to starch extracted from equivalent, 
non-transformed plants. 

is 6. Altered starch according to any one of claims 1-5 which, as extracted, has an endotherm peak temperature as 
determined by differential scanning calorimetry which is reduced by at least 5°C compared to starch extracted 
from equivalent, non-transformed plants. 

7. Altered starch according to any one of claims 1-6 which, as extracted, has an endotherm peak temperature as 
20 determined by differential scanning calorimetry, of less than 59°C. 

8. Altered starch according to any one of the preceding claims, having a substantially normal amylose content. 

9. A polypeptide obtainable from a soluble extract of potato tubers and having starch synthase activity, in substantially 
25 isolated form. 

10. A polypeptide according to claim 9, having an apparent molecular weight, as judged by SDS-PAGE, in the range 
of 100-140 kDa, or a functional equivalent thereof. 

30 11. A polypeptide according to claim 9 or 10, having an apparent molecular weight, as judged by SDS-PAGE, of 140 
kDa. 

12. A polypeptide according to claim 9 or 10, having an apparent molecular weight, as judged by SDS-PAGE, of 120 
kDa. 

35 

13. A polypeptide according to claim 9 or 10, having an apparent molecular weight, as judged by SDS-PAGE, of 110 
kDa. 

14. A polypeptide according to claim 9 or 10, obtainable from developing tubers of S. tuberosum cultivar Desiree, 
40 having an apparent molecular weight, as judged by SDS-PAGE, of 100 kDa. 

15. A polypeptide according to any one of claims 9-14, comprising the amino acid sequence shown in Figure 6. 

16. A nucleic acid sequence comprising at least 200bp and exhibiting at least 80% sequence identity with the corre- 
45 sponding region of the DNA sequence shown in Figure 6, operably linked in the sense or antisense orientation to 

a promoter operable in a plant 

17. A sequence according to claim 1 6 comprising at least 300-600bp. 

50 18. A sequence according to claim 16 or 17, exhibitirtg at least 85% sequence identity with the corresponding region 
of the DNA sequence shown in Figure 6. 

19. A sequence according to any one of claims 16, 17 or 18 exhibiting at least 90% sequence identity with the corre- 
sponding region of the DNA sequence shown in Figure 6. 

55 

20. A sequence according to any one of claims 16-19, comprising a 5' anoVor a 3* untranslated region. 

21. A sequence according to any one of claims 16-20, encoding at least a portion of a polypeptide in accordance with 
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any one of claims 9-15. 

s 23 Anuc.e*ac«cons«,uct^^ 

H»«i*^^"* - " ,,nl, " 1-,fc, ' a " - * ,,Ml 

. ^^nnce is introduced in a construct according to claim 
25. A host celt according to claim 24, wherein the nucleic acid sequence is introduc 

10 23. 

16-22, or the progeny ol such a plant or part thereof. 

. te ,4.1m 28 wherein the plant is selected from the group consisting of : potato. 

"•foSl^ 

M .Ap^«accc,*g«oc,a*n 28 or 29, comprising starch in accordance wi^ any one o, claims 1-8. 
31 Starch extracted from a plant according to claim 28 or 29. 

but untransformed plants. 
*, S »««co^»c B im31o,3 2 .»nd ml «o«^«*.™<>"=»''«™ 1 * 

cessor thereof. 
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100 



75 - 




5 10 

Volume of serum (ul) 
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[QQvi 2x 3SS promoter 

j:;>$&| CaMV poly A 

Polylinker N e o 
LB, RB Left and right borderjON A Pnos 



[ | Patatin promoter 
|^\SS Nopaline synthase terminator 



Neomycin phosphotransferase 
Nopatine synthase promoter 
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